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ABSTRACT
Aims. Flux ropes are generally believed to be core structures of solar eruptions that are significant for the space
weather, but their formation mechanism remains intensely debated. We report on the formation of a tiny flux rope
beneath clusters of active region loops on 2018 August 24.
Methods. Combining the high-quality multiwavelength observations from multiple instruments, we studied the event in
detail in the photosphere, chromosphere, and corona.
Results. In the source region, the continual emergence of two positive polarities (P1 and P2) that appeared as two pores
(A and B)is unambiguous. Interestingly, P2 and Pore B slowly approached P1 and Pore A, implying a magnetic flux
convergence. During the emergence and convergence, P1 and P2 successively interacted with a minor negative polarity
(N3) that emerged, which led to a continuous magnetic flux cancellation. As a result, the overlying loops became much
sheared and finally evolved into a tiny twisted flux rope that was evidenced by a transient inverse S-shaped sigmoid,
the twisted filament threads with blueshift and redshift signatures, and a hot channel.
Conclusions. All the results show that the formation of the tiny flux rope in the center of the active region was closely
associated with the continuous magnetic flux emergence, convergence, and cancellation in the photosphere. Hence, we
suggest that the magnetic flux emergence, convergence, and cancellation are crucial for the formation of the tiny flux
rope.
Key words. Sun: activity — Sun: corona — Sun: magnetic fields
1. Introduction
Magnetic flux ropes, consisting of twisted field lines that
globally wrap around the central axis, are considered as
core structures of coronal mass ejections (CMEs). In the
corona, flux ropes have various manifestations, such as sig-
moids, filaments, filament channels, coronal cavities, and
hot channels, depending on the magnetic environment of
the structure (Cheng et al. 2017). In interplanetary space,
flux ropes can be identified as magnetic clouds at 1 AU,
and their expansions facilitate the propagations of CMEs
and the occurrence of hazardous space weather. Hence, flux
ropes are essential to understanding solar eruptions and
space weather. The most important issue of flux ropes is
the formation and eruption mechanism, which has been in-
tensely debated.
There are two main categories for the initiation models
of the flux rope eruption. The first is the magnetic recon-
nection category, including the breakout model (Antiochos
et al. 1999), flux emergence model (Chen & Shibata 2000),
and tether-cutting model (Moore et al. 2001). Another cat-
egory suggests that the flux rope eruption is triggered by
the catastrophic model (Forbes & Isenberg 1991), kink in-
stability (To¨ro¨k et al. 2004), or torus instability (Kliem &
To¨ro¨k 2006) in ideal magnetohydrodynamic (MHD) mod-
els.
For the formation mechanisms, two possibilities have
been proposed. One is the bodily emergence from the con-
vection zone into the corona (Lites et al. 1995; Fan 2001;
Manchester et al. 2004; Leak et al. 2013), and another is
the direct formation in the corona prior to or during the
eruption by magnetic reconnections (Cheng et al. 2011;
Zhang et al. 2012; Song et al. 2014; Wang et al. 2017;
Threlfall et al. 2018). The magnetic reconnections are al-
ways driven by photospheric motions, such as sunspot rota-
tion, shear motion, flux cancellation, and flux convergence
(van Ballegooijen & Martens 1989; Fan 2009; Green et al.
2011; Savcheva et al. 2012; Xia et al. 2014; Kumar et al.
2015; Yan et al. 2016; Zhao et al. 2017). Moreover, the flux
rope can also be formed in confined eruptions (Patsourakos
et al. 2013; Liu et al. 2018).
In this work, we present the formation of a tiny flux rope
in the center of an active region (AR), which was intimately
associated with the magnetic flux emergence, convergence,
1
ar
X
iv
:2
00
9.
04
08
2v
1 
 [a
str
o-
ph
.SR
]  
9 S
ep
 20
20
Zheng et al.: Formation and eruption of tiny flux rope
and cancellation in the photosphere. This event sheds light
into the formation mechanism of flux ropes.
2. Observations and data analysis
The formation and eruption of a tiny flux rope occurred
in NOAA AR 12719 (∼S07W22) on 2018 August 24. The
related filament threads and pores were captured well by
the high-resolution observations of Hα and TiO from the
1.6 m Goode Solar Telescope (GST; Cao et al. 2010) at Big
Bear Solar Observatory. The GST employs a high-order
adaptive optics system with 308 subapertures and post-
facto speckle image reconstruction techniques (Wo¨ger et al.
2008) to accomplish diffraction-limited imaging of the solar
atmosphere. The Hα and TiO images have pixel resolutions
of 0.′′029 and 0.′′034, respectively, and their cadences are 26
s and 15 s, respectively. The Hα observations consist of
images at the Hα line center and at the line wings of ±0.4,
±0.6, ±0.8, and ±1.0 A˚.
We also used full-disk observations from the
Helioseismic and Magnetic Imager (HMI; Scherrer et
al. 2012) and from the Atmospheric Imaging Assembly
(AIA; Lemen et al. 2012) onboard the Solar Dynamics
Observatory (SDO; Pesnell et al. 2012). Magnetograms
and intensity maps from the HMI, with a cadence of 45 s
and pixel scale of 0.′′6, are utilized to examine the magnetic
field evolution of the source region. The AIA images in
seven extreme ultraviolet (EUV) wavelengths, with a
pixel resolution of 0.′′6 and a cadence of 12 s were used to
analyse the coronal response. The event was also scanned
in narrowband slit-jaw images (SJIs) from Interface Region
Imaging Spectrograph (IRIS: de Pontieu et al. 2014); the
time cadence and spatial resolution of each SJI are 36
seconds and 0.′′332, respectively.
The observations from the different instruments were
co-aligned by distinguishing an obvious identical feature
(e.g., pores and sunspots) by naked eyes and cross correla-
tions of the temporally closest images. We also investigated
the emission properties of the flux rope with the differential
emission measure (DEM) method by employing the sparse
inversion code (Cheung et al. 2015; Su et al. 2018). In DEM
method, the EM maps at different temperature ranges are
obtained by a set of AIA images in six channels (i.e., 94,
131, 171, 193, 211, and 335 A˚).
3. Results
3.1. Magnetic flux emergence, convergence, and
cancellation
Figure 1 shows the overview of the source region of AR
12719 from the photosphere to the corona before the erup-
tion (∼18:04 UT). The AR 12719 consisted of a predomi-
nant positive sunspot and a minor negative sunspot (panels
(a) and (b)) and was filled with clusters of coronal loops
(panel (c)). The predominant positive sunspot was sur-
rounded by a series of negative magnetic polarities, and
this study concerns two negative polarities (N1-N2) in the
east and two minor positive polarities (P1-P2) in the south-
east of the predominant sunspot (panel (d)). Because of the
magnetic interaction between N2 and the nearby positive
polarities, some brightenings appeared before the eruption
(panels (d) and (e)). However, this interaction region of N2
is not related to this study, and we primarily focus on the
magnetic activities around P1 and the overlying loops con-
necting P1 and N1 at different heights (L1; panels (e) and
(f)). In the GST images, Hα superposed with contours of
HMI longitudinal magnetic fields (panel (i)), bundles of fil-
ament threads rooting at P1 were related to the overlying
L1. In GST the TiO image (panel (h)), the details of the
predominant sunspot were very clear, but P1 and P2 were
as yet invisible, comparing to those in panel (g).
In a few hours, two pores (A and B) successively ap-
peared in the east of the predominant sunspot (panels (a)-
(c) of Figure 2), as a result of the continuous magnetic
flux emergence of P1-P2. During the emergence of P1-P2,
some minor negative polarities (N3) emerged, approached
P1-P2, and finally vanished (panels (d)-(h) of Figure 2).
It is obvious that the emerging N3 first collided with P1
and then interacted with P2. The magnetic flux evolution
(between 17:00 and 23:00 UT) in the magnetic interaction
region for P1-P2 and N3 is shown in panel (i) of Figure 2.
The negative flux has a fast increase and rapid decrease,
with a net increase of ∼0. The positive flux of P1-P2 has
a net increase of ∼ 24 × 1018Mx in ∼6 hours, and shows
a clear trough at ∼19:54 UT, which is closely associated
with the peak of negative flux. It is evident that the con-
tinuous magnetic emergence and cancellation in the region
is closely associated with the onset of the following erup-
tion. On the other hand, P2 was moving toward P1 during
its emergence, which is demonstrated by its location change
to the bottom left corner of the black box.
The displacement of P2 appeared as the convergence of
Pore B in images of GST TiO and HMI intensity (Figure
3). During the convergence, Pore B became strong, and
Pore A decayed. The emergence and convergence of pores
is clearly shown in the time-distance plot (panel (d)) of
HMI intensity images along the selected path (S1; panel
(f)). The beginning of the emergence of Pore B was about
one hour later than the appearance of Pore A, and was
two hours before the eruption onset. Then, Pore B moved
toward Pore A at an initial speed of ∼0.46 km s−1, and
slowly decreased to a speed of ∼0.21 km s−1.
3.2. Formation and eruption of flux rope
During the period of the continuous magnetic activities
in the interaction region of P1-P2 and N3, brightenings and
loop transformations in the upper atmosphere appeared
(Figure 4). At ∼19:54 UT (top panels), the brightenings
occurred at the southern end of the overlying L1, which
were associated with the underlying magnetic cancellation
between N3 and P1 (magnetic field contours)), and some
other brightenings also appeared at the center and at the
northern end of L1. Interestingly, L1 became sheared, which
was first seen in AIA 94 A˚ (panel (d)). In the following half
hour, L1 became very sheared, which was simultaneously
seen in IRIS UV and AIA EUV channels (panels (e)-(h)).
We note that a bright point appeared between P2 and N3
and moved westward as the convergence motion of P1 (pan-
els (e) and (i)). Following the motion of the bright point,
at ∼21:49 UT (bottom panels), some brightenings appeared
again at the southern portion of L1. On the other hand, the
timings of two major brightenings around L1 at ∼19:54 UT
and ∼21:49 UT were indicated by the red dotted lines in
2
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Fig. 1. Overview of AR 12719 and magnetic polarities (N1-N2 and P1-P2) before the eruption in HMI magnetogram and
intensity, GST TiO and Hα, IRIS 1330 A˚, and AIA 171 and 94 A˚. The white and black arrows indicate the sunspots, and
the yellow arrows show a magnetic cancellation site around N2. The blue and green arrows indicate the coronal loops
(L1) and the filament threads of interest, respectively. The dashed blue and red boxes represent the field of view of the
middle and bottom panels, respectively. Contours of HMI longitudinal magnetic fields at 18:04:20 UT are superposed
on panels (i) with positive (negative) fields in blue (green), and the levels for positive (negative) fields are 200 (50), 400
(100), and 600 (150) gauss.
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Fig. 2. Emergence and cancellation of magnetic flux in HMI intensity images and magnetograms. A and B represent
the emerging pores, and the cyan, blue, and green arrows show the emerging magnetic polarities (P1, P2, and N3).
The dashed box indicates the magnetic interaction region for P1-P2 and N3, and the positive (blue) and native (green)
magnetic flux changes in this region is shown in panel (i). The blue and green arrows indicate the trough of the positive
flux curve and the peak of the negative flux curve, respectively. The dotted lines and two dashed lines represent the
timings of two brightenings and the eruption onset, respectively. The temporal evolution of magnetic fields and pores is
shown in the online movie of Animation 1.
Figure 2(i). It is evident that the brightenings in the upper
atmosphere have a close temporal and spatial relationship
with the continuous magnetic flux emergence, convergence,
and cancellation in the photosphere.
Some minutes after the formation of the tiny flux rope,
an inverse S-shaped transient sigmoid occurred, and was
clearly seen in images of IRIS UV and AIA EUV, and the
sigmoid structure also appeared in the EM map at a tem-
perature range of 0.5-4 MK (Figure 5). The transient sig-
moid lay along the polarity inversion line (PIL) of P1-P2
and N1-N3 and likely represents the axis of the overlying
flux rope (Rust & Kumar 1996). It is possible that the tran-
3
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Fig. 3. Emergence and convergence of pores A and B in GST TiO and HMI intensity images. The blue dashed lines are
reference lines to show the convergence of pores. The time-distance plot (panel (d)) of HMI intensity images along the
yellow dashed line (S1 in (f)). The yellow and green dotted lines are used to derive the attached convergence speeds, and
the red dotted and dashed lines represent the start of convergence of Pore B and the eruption onset, respectively.
sient sigmoid was under the newly-formed twisted flux rope
(the red arrow in panel (c)). Shortly after the appearance,
the sigmoid and overlying flux rope erupted together, and
left brightenings behind (panels (e)-(h) in Figure 5). This
is consistent with the fact that transient sigmoids always
occur as the flux rope loses equilibrium and erupts (Gibson
et al. 2006). In addition, the southern part of the filament
threads beneath also became twisted structures (Figure 6)
in Hα center, and showed the simultaneous blueshift and
redshift signatures in Hα blue and red wing images, re-
spectively. The formation of twisted filament threads cor-
responded to the formation of the twisted flux rope that
contained a transient sigmoid.
The evolution of eruption of the flux rope is shown in
Figure 7. The rising flux rope disappeared in AIA cool chan-
nel of 171 A˚ channels, but remained visible in AIA hot chan-
nels of 131 and 94 A˚. This is likely because the rising flux
rope was heated to a much higher temperature. During the
eruption, the twisted flux rope transformed into a smooth
shape (panels (e) and (f)). On the other hand, the eruption
initiated a B1.6 flare, but the flare ribbons quickly faded
away in a few minutes (left and right panels). The rising
flux rope also became weak in the hot AIA 94 and 131 A˚
(panels (h)-(i)). Hence, the eruption was failed, which was
possibly restricted by the overlying bundles of AR coronal
loops (Figure 1(c)).
4. Discussion and conclusions
In this paper, we present the formation and eruption of a
tiny flux rope in the center of AR 12719, using high-quality
multiwavelength observations from GST, HMI, AIA, and
IRIS. With aim to study the physical mechanisms of the
formation and eruption of a tiny flux rope, we investigated
the observational characteristics occurring simultaneously
in different layers of solar atmosphere, from the magnetic
activities in the bottom photosphere to the upper atmo-
spheric responds extending to the higher corona.
In the bottom photosphere, there were continual mag-
netic activities in the source region through the event.
Two positive magnetic polarities of P1 and P2 continuously
emerged, which led to the successive emergence of two pores
of A and B (Figure 2). Interestingly, P2 and Pore B kept
moving toward P1 and Pore A, respectively, which indi-
cates the existence of a magnetic flux convergence (Figure
3). Meanwhile, P1-P2 successively interacted with the am-
bient emerging negative magnetic polarity (N3) (Figure 2).
In the upper atmosphere, during the consecutive magnetic
activities, the intermittent brightenings occurred around
the overlying loops (L1), and L1 first became sheared and
eventually evolved into a tiny twisted flux rope (Figure 4).
Shortly after the formation of the tiny flux rope, a transient
inverse S-shaped sigmoid appeared along the PIL of P1-P2
4
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Fig. 4. Formation of the tiny flux rope in HMI magnetogram, IRIS 1400 A˚, and AIA 304, 171 and 94 A˚. The yellow and
white arrows indicate the brightenings. The blue and red arrows point out the L1 and flux rope, respectively. Contours
of HMI longitudinal magnetic fields at the closest time are superposed on all panels with positive (negative) fields in blue
(green), and the levels for positive (negative) fields are 200 (50), 400 (100), and 600 (150) gauss. The formation of the
tiny flux rope is shown in the online movie of Animation 2.
Fig. 5. Formation of the sigmoid in IRIS 1400 A˚, AIA 193 and 94 A˚, and EM maps at temperature range of 0.5-4 MK.
The white and red arrows indicate the sigmoid and the flux rope, respectively. The black arrows show the brightenings.
The contours of HMI longitudinal magnetic fields at the closest time are superposed on all panels with positive (negative)
fields in blue (green), and the levels for positive (negative) fields are 200 (50), 400 (100), and 600 (150) gauss.
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Fig. 6. Twisted filament threads (the white arrow) in GST Hα center and wings. The red and blue arrows indicate the
parts with blueshift and redshift signatures, respectively. The contours of filament portions with blueshift (blue) and
redshift (red) signatures are superposed in panels (b)-(c).
Fig. 7. Eruption of the tiny flux rope in AIA 171, 131 and 94 A˚. The red arrows indicate the erupting flux rope, and the
pink arrows show the flare ribbons. The eruption of the tiny flux rope is shown in the online movie of Animation 3.
and N1-N3 in the interior of the flux rope, and then quickly
erupted with the newly formed flux rope (Figures 5 and 6).
The twisted flux rope was transformed into a smooth shape
during the eruption. However, the flux rope stopped rising
quickly, and then soon cooled down (Figure 7), which re-
vealed a failed eruption. The time sequence of the main
observational activities for this event is shown in Figure 8.
How do we identify that the coronal loops (L1) in the
AR center evolved into a flux rope? It is noteworthy that,
after becoming very sheared, the apex of L1 shifted to the
left side viewing along its axis direction (from P1 to N1)
of magnetic field as a twisted structure (Figure 4(l)). The
appearance of the inverse S-shaped sigmoid also indicates
the kinked axis of a flux rope (Figure 5). Furthermore,
the filament threads beneath L1 simultaneously showed the
blueshift and redshift signatures (Figure 6), which likely
implies the formation of twisted structures in the chromo-
sphere. In addition, the erupting structure disappeared in
AIA 171 A˚, but became bright in AIA 131 and 94 A˚ at
the beginning of the eruption. This possibly indicates the
existence of a hot channel as the manifestation of the flux
rope (Figure 7). Hence, we suggest that a tiny twisted flux
rope formed by the evolution from L1 in the AR center.
In general, flux ropes can be formed by the bodily emer-
gence from the convection zone, or as a result of photo-
spheric motions. In this paper, the observational results ex-
clude the possibility of the bodily emergence. The transfor-
mation of L1 and around intermittent brightenings (Figure
4) had a close temporal and spatial relationship with the
photospheric magnetic flux emergence, convergence, and
cancellation (Figures 2 and 3). It has been reported that
the magnetic flux convergence and cancellation can play
critical role in the formation of flux ropes (van Ballegooijen
& Martens 1989). However, the magnetic flux convergence
in this study is of the same polarities (P1 and P2), which is
different from the convergence of opposite polarities in pre-
vious cases. But, the convergence of P2 toward P1 led to the
magnetic flux cancellation between P2 and N3, which has
the same consequence as the convergence of opposite polar-
ities does. Based on the above results and discussions, we
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Fig. 8. Timeline of the main observational activities for this event.
propose a scenario for the formation of the tiny flux rope in
the schematic diagram of Figure 9. The positive polarities
of P1-P2 and the negative polarity of N3 rapidly emerge
beneath L1, which connected with P1 and N1, and P2 also
moves toward P1 during the emergence. As a consequence
of the close location relations, N3 sequentially canceled with
P1 and the converging P2 quickly. As the result of succes-
sive magnetic cancellation, the overlying L1 first became
sheared and finally formed a twisted flux rope. Hence, the
formation of the tiny flux rope is intimately associated with
the magnetic flux emergence, convergence, and cancellation
in the photosphere.
The magnetic flux emergence, convergence, and cancel-
lation lasted through the eruption process (panel (i) of
Figure 2 and panel (d) of Figure 3), after the formation of
the tiny flux rope. On the other hand, the appearance of a
transient sigmoid (Figure 5) can be an indicator of the flux
rope undergoing the kink instability (Fan & Gibson 2004;
Kliem et al. 2004; Gibson et al. 2006). Therefore, the initi-
ation of the tiny flux rope eruption should involve several
important factors. The strength of the constraining fields is
very important for the destination of an eruption (Liu et al.
2016), and the strong constraining fields can act as a con-
fining cage (Ji et al. 2003; Cheng et al. 2015; Amari et al.
2018; Yang et al. 2018; Zheng et al. 2019). In this work, the
tiny flux rope located at the AR center was covered by clus-
ters of AR loops (Figure 1). Eventually, the erupting flux
rope halted and cooled down in a few minutes, and only led
to a confined small flare at the base (Figure 7). Hence, the
failed eruption of the tiny flux rope was possibly due to the
strong restriction of overlying AR loops.
7
Zheng et al.: Formation and eruption of tiny flux rope
Shearing and twisting 
of L1
Magnetic flux emergence and cancellation
Convergence of P1
17:00 19:00 22:0020:00 21:00 23:0018:00
Time (UT)
Appearance 
of Pore A
Appearance 
of Pore B 
Brightenings
Brightenings
Formation of 
flux rope
Formation of 
sigmoid
Confined 
Eruption of flux 
rope
Fig. 9. Schematic showing the scenario of the formation of the tiny flux rope (black line) associated with the magnetic
flux emergence, convergence, and cancellation of P1-P2 and N3. The yellow sparks indicate the magnetic cancellation
sites.
In conclusion, it is believed that a tiny flux rope formed
in the AR center, and its formation and helicity were
closely associated with the continuous magnetic flux emer-
gence, convergence, and cancellation in the photosphere.
The eruption of the tiny flux rope took place during a pe-
riod of magnetic flux emergence, convergence, and cancel-
lation, and it is also possible that the kink instability may
have occurred during this period. We suggest that magnetic
flux emergence, convergence, and cancellation are very im-
portant for the formation and eruption of the tiny flux rope.
Further and better observations should be investigated in
more detail to understand the formation and eruption of
flux ropes.
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